G astroesophageal reflux disease (GERD) is an extremely common condition that affects up to 20% of the American adult population. 1, 2 Although GERD is primarily a clinical diagnosis, endoscopy is used to look for GERD complications such as Barrett's esophagus, to rule out other upper gastrointestinal diseases in equivocal cases, and to determine if GERD has caused esophageal mucosal injury, that is, reflux esophagitis. Only approximately 30% of patients with typical GERD symptoms have endoscopic evidence of erosive reflux esophagitis, a finding that has important diagnostic and therapeutic implications. 3 Presently, the Los Angeles (LA) classification is the endoscopic scoring system most commonly used to grade the severity of reflux esophagitis. 4 The LA system divides reflux esophagitis into 4 categories (A-D) on the basis of the extent of esophageal mucosal breaks. LA grade A (LA-A) esophagitis is defined as Z1 mucosal breaks not longer than 5 mm, and not extending between the tops of 2 mucosal folds (Fig. 1) . In contrast, LA-D esophagitis is defined as Z1 mucosal breaks involving 75% or more of the esophageal circumference (Fig. 2) . LA-D is the most infrequently encountered grade of reflux esophagitis. 5 Implicit in the LA classification system is the assumption that there is a spectrum of GERD severity ranging from mild to severe, and that the LA grade of esophagitis reflects the severity of the underlying GERD. If LA-D esophagitis represents the most severe form of GERD, then LA-D patients would be expected to have a greater frequency and severity of conditions that contribute to GERD (eg, obesity and hiatal hernia) than patients with reflux esophagitis of lesser severity. It might also be anticipated that LA-D patients would have a long history of progressively increasing GERD symptoms. However, over the years, we have observed that our LA-D patients frequently have clinical features that would not be expected if typical GERD were the sole factor underlying this esophagitis. We hypothesized that patients with LA-D esophagitis have clinical features that differ significantly from those of patients with LA-A reflux esophagitis, and that factors other than typical GERD contribute to the pathogenesis of LA-D esophagitis. To explore these hypotheses, we conducted a retrospective, comparative study on the clinical features of patients with LA-D and LA-A esophagitis.
MATERIALS AND METHODS
This study was approved by the institutional review board of the Dallas VA Medical Center. We reviewed our endoscopy database to identify patients who had an upper gastrointestinal endoscopy performed between March 2003 and August 2014 that showed either LA-D or LA-A erosive esophagitis. We reviewed all available endoscopic images to confirm the endoscopic diagnoses, and we included the first 100 consecutive patients confirmed to have LA-D and the first 100 consecutive patients with LA-A esophagitis. Subjects were excluded if they had a history of esophageal surgery, if no endoscopic images of the esophagus were available for review, or if esophagitis was either suspected or confirmed to be because of a cause other than GERD (eg, candida esophagitis and eosinophilic esophagitis). We also recorded the indication for endoscopy and other pertinent endoscopic findings including the presence of hiatal hernia, gastric outlet obstruction, and esophageal strictures.
For each study subject, we reviewed the electronic medical record to extract demographic data including age, race, and gender. We recorded conditions potentially related to the development of reflux esophagitis including obesity [determined by body mass index (BMI)], history of GERD symptoms, gastroparesis, diabetes, and use of tobacco and alcohol. We also recorded other potentially pertinent data including a history of malignancy, immunosuppression, chest irradiation, or treatment with a nasogastric tube. We recorded any history of cardiopulmonary diseases including coronary artery disease, congestive heart failure, peripheral vascular disease, obstructive sleep apnea, and chronic obstructive pulmonary disease (COPD). We determined the hospitalization status of each study subject at the time of the diagnosis of LA-A or LA-D reflux esophagitis [outpatient, inpatient, or in the intensive care unit (ICU)]. Finally, we reviewed pharmacy records to identify medications that might contribute to esophagitis, and we recorded the use of acid-suppressive medications including proton-pump inhibitors (PPIs) and histamine H 2 -receptor antagonists. Outpatients were considered to be using an acid-suppressive medication if the pharmacy record listed it as "active" within the 30 days before endoscopy, whereas inpatients were considered to be using an acid-suppressive medication if the pharmacy record listed it as "active" within the 30 days before hospital admission.
Categorical variables were analyzed by w 2 testing and continuous variables by t tests. Logistic regression was performed to identify independent factors associated with LA-D esophagitis. P-values of <0.05 were considered statistically significant. Statistical analysis was performed using SAS, version 9.3.
RESULTS
Study subjects included 100 patients with LA-D esophagitis and 100 patients with LA-A esophagitis. LA-D patients were significantly older than LA-A patients (mean age, 65 ± 13.4 y vs. 56 ± 13.4 y; P < 0.001) ( Table 1 ). The 2 groups did not differ significantly in gender or race. The BMI of LA-D patients was significantly lower than that of LA-A patients (25.9 ± 5.6 vs. 29.4 ± 5.3; P < 0.001). LA-D patients were significantly more likely to have never consumed alcohol than LA-A patients (38% vs. 17%; P < 0.001), and LA-D patients were significantly less likely to be current users of alcohol than LA-A patients (25% vs. 55%; P < 0.001). There were no significant differences between the groups in their history of tobacco use.
Regarding endoscopic findings other than reflux esophagitis, there were no significant differences between LA-D and LA-A patients in the frequency of hiatal hernia (36% LA-D vs. 48% LA-A; P = 0.09), gastric outlet obstruction (6% vs. 2%; P = 0.15), and esophageal stricture (11% vs. 4%; P = 0.06). Nevertheless, it is notable that hiatal hernia was seen less frequently in LA-D patients than in LA-A patients.
Comorbid conditions and acute illnesses were significantly more common in LA-D patients than in LA-A patients (Table 2) . Regarding hospitalization status, 70% of patients with LA-D esophagitis were hospitalized at the time of diagnosis (either on the medical ward or in the ICU), compared with only 3% of patients with LA-A esophagitis (P < 0.001). Furthermore, no LA-A patient was in the ICU, whereas 15% of LA-D patients were in the ICU. Further review of medical records revealed that 13 of the 30 outpatients found to have LA-D esophagitis had been hospitalized within 6 months before their outpatient endoscopy. Conversely, none of the outpatient LA-A patients had been hospitalized within 6 months before their endoscopy. Patients with LA-D esophagitis had a significantly higher prevalence of cardiopulmonary disorders such as coronary artery disease, congestive heart failure, and COPD. LA-D patients were also more likely to have had a history of chest irradiation (11% vs. 0%; P = 0.001) or treatment with a nasogastric tube (10% vs. 1%; P = 0.005). Malignancy, diabetes, peripheral vascular disease, and obstructive sleep apnea all were seen more frequently in patients with LA-D esophagitis than in LA-A patients, but the differences were not statistically significant. In contrast, patients with LA-A esophagitis were significantly more likely to have no major comorbid conditions documented than LA-D patients (45% vs. 23%; P = 0.001), and a history of GERD was significantly more common in patients with LA-A than with LA-D esophagitis (67% vs. 45%; P = 0.002).
We performed a subanalysis to explore differences between outpatients and inpatients with LA-D esophagitis. As described above, 70 of our 100 LA-D patients were acutely ill and hospitalized, and 30 were outpatients. Among the 30 outpatients, 13 had been hospitalized in the previous 6 months for various serious medical issues, and 17 had no recent hospitalizations. We divided our LA-D esophagitis patients into 2 subgroups: (1) The indications for endoscopy also differed between patients with LA-D and LA-A esophagitis (Table 3) . Gastrointestinal bleeding was the most common indication for endoscopy in patients found to have LA-D esophagitis; it was the indication in 42% of LA-D patients, all of whom were hospitalized at the time of endoscopy. In contrast, only 2% of patients with LA-A esophagitis had endoscopy for evaluation of GI bleeding (P < 0.0001). GERD was the indication for endoscopy in only 7% of LA-D patients, whereas it was the most common indication for endoscopy in patients with LA-A esophagitis (30%; P < 0.0001).
Other endoscopic indications such as dysphagia, abdominal pain, and iron deficiency anemia were similar between the groups. Thirty-six of our 100 LA-D patients had prior endoscopies; these showed evidence of reflux esophagitis in 20 of the 36 cases (56%) and no erosive esophagitis in 16 cases (44%). Among the 20 LA-D patients with esophagitis found on prior endoscopy, that endoscopy was performed during a hospitalization in 12 cases. Medication usage is shown in Table 4 . There were no significant differences between the groups in the use of any medication recorded. Notably, PPI use was almost equivalent in both groups (used by 55% of LA-D patients, 53% of LA-A patients). Use of medications that could potentially contribute to esophagitis such as bisphosphonates, potassium, iron, and tetracycline was more common in LA-D patients than in LA-A patients, but this difference was not statistically significant (26% vs. 12%; P = 0.23).
Multivariate logistic regression was performed to identify independent risk factors for LA-D erosive esophagitis (Table 5 ). Inpatient hospitalization was by far the single strongest predictor of LA-D esophagitis (odds ratio, 61.00; 95% confidence interval, 16.8-220.97). Other significant risk factors included the presence of an esophageal stricture and lower BMI.
DISCUSSION
We have identified a number of significant differences between patients with LA-D esophagitis and patients with LA-A esophagitis in regard to their clinical features. Compared with LA-A patients, our patients with LA-D esophagitis were significantly older (mean age, 65 ± 13.4 vs. 56 ± 13.4 y), had significantly lower BMIs (25.9 ± 5.6 vs. 29.4 ± 5.3), and were significantly more likely to have never consumed alcohol (38% vs. 17%). Serious cardiopulmonary disorders including coronary artery disease, congestive heart failure, and COPD were significantly more common in LA-D patients than in LA-A patients. Most of our patients with LA-D esophagitis were hospitalized (70%, including 15% in the ICU), and 13 of the 30 outpatients found to have LA-D esophagitis had been hospitalized within 3 months of the outpatient endoscopy. In contrast, the large majority of our patients with LA-A esophagitis were outpatients (97%), none of whom had been hospitalized within the prior 3 months. A history of GERD was significantly more common in LA-A than in LA-D patients (67% vs. 45%), and GERD was also more commonly the indication for endoscopy in patients with LA-A esophagitis (30%) than in patients with LA-D esophagitis (7%). In contrast, gastrointestinal bleeding was the most common indication for the endoscopy revealing LA-D esophagitis (42%), whereas gastrointestinal bleeding was an infrequent indication for endoscopies showing LA-A esophagitis (2%). In addition, hiatal hernia was more common in LA-A than in LA-D patients (48% vs. 36%). Thus, LA-D esophagitis seems to be a disorder primarily of older, nonobese, hospitalized patients who have serious comorbid conditions, often including gastrointestinal bleeding, and who usually have no prior history of GERD or of hiatal hernia. These features suggest that factors other than typical gastroesophageal reflux contribute to the development of LA-D esophagitis.
If LA-D esophagitis were merely the far end of the spectrum of GERD severity, then LA-D patients should have more factors that predispose to gastroesophageal reflux than patients with lesser grades of esophagitis. Obesity is thought to predispose to gastroesophageal reflux, perhaps because excessive abdominal fat can increase intraabdominal pressure, and because overeating can cause gastric distention that results in reflux. Indeed, most of our patients with LA-A esophagitis were overweight or obese, with a mean BMI of 29.4. In contrast, the mean BMI of our LA-D patients was only 25.9. Hiatal hernia can be associated with low pressure at the gastroesophageal junction that predisposes to gastroesophageal reflux, and with adverse effects on esophageal clearance of refluxed material that might contribute to esophagitis. However, hiatal hernia was more common in our LA-A patients than in our LA-D patients. Furthermore, If GERD were the only factor underlying LA-D esophagitis, then it might be anticipated that LA-D patients would have a prior history of GERD symptoms more often than patients with lower grades of esophagitis. This also was not the case, as a prior history of GERD symptoms was more common in our LA-A patients than in our LA-D patients. GERD was also a less frequent indication for endoscopy in patients found to have LA-D esophagitis than LA-A patients. Thus, patients with LA-D esophagitis often do not have clinical features typically associated with GERD.
Some reports have described a positive association between obesity and reflux esophagitis, 6-8 but few studies have attempted specifically to correlate obesity with the endoscopic grade of esophagitis. Our finding that obesity is associated with LA-A but not LA-D esophagitis contradicts the results of a study by El-Serag and Johanson, 5 who found that obesity was an independent risk factor for severe esophagitis. Those contradictory findings might be explained by a number of major differences between these studies in patient population and design. El-Serag's study included 6709 patients who had varying grades of reflux esophagitis documented during endoscopies performed as screening for clinical trials comparing different PPIs. Those study subjects were primarily healthy, younger (mean age, 46 y) outpatients who had volunteered to participate in pharmaceutical studies. In contrast, we specifically identified consecutive patients with LA-D esophagitis in our endoscopy database, and our LA-D patients were considerably older (mean age, 65), hospitalized patients who had substantial comorbidities. Indeed, our subanalysis of LA-D patients who were "true" outpatients suggests that this small subgroup of the LA-D esophagitis population resembles LA-A patients more than hospitalized LA-D patients. Furthermore, as LA-D patients comprised only a small minority (7%) of all the patients with esophagitis in El-Serag's study, the investigators combined their LA-D patients with LA-C patients to make one "severe esophagitis" group for comparisons. There were almost 3-times as many LA-C patients as LA-D patients in that 1 group, which might have obscured any distinctive features of the LA-D patients. We found that inpatient hospitalization was the single strongest risk factor for LA-D esophagitis (odds ratio, 61 compared with LA-A esophagitis), and 15% of our LA-D patients were in the ICU. Among the 30 patients who had LA-D esophagitis diagnosed during outpatient endoscopies, furthermore, 13 had been hospitalized in the preceding 3 months. These data suggest that severe, acute illness plays a role in the development of LA-D esophagitis. In contrast, no patient who had LA-A esophagitis diagnosed on an outpatient endoscopy had been hospitalized in the prior 3 months.
Illness requiring hospitalization, especially ICU treatment, can have physiological effects that might contribute to esophagitis. For example, Ko¨lbel et al performed 24-hour esophageal manometry in ICU patients treated with sedatives and found that, irrespective of the underlying primary disease process, esophageal motility was significantly impaired to the point that it could affect esophageal acid clearance. 9 Impaired esophageal motility is especially likely to result in prolonged esophageal acid exposure in patients who are supine, a position assumed for prolonged periods by hospitalized patients. 10 Acute illness also can delay gastric emptying, resulting in gastric distention that predisposes to reflux, and acutely ill patients might be treated with medications that promote reflux. 11 Another potential contributor is transient esophageal hypoperfusion that leads to regional esophageal ischemia, a situation similar to that causing gastric stress ulcers in acutely ill patients. 12 Thus, although gastroesophageal reflux and prolonged esophageal exposure to acid and bile might well contribute to the development of LA-D esophagitis in acutely ill patients, the mechanisms involved might not apply to otherwise healthy individuals with GERD. In hospitalized patients, it may be more appropriate to consider LA-D esophagitis a manifestation of acute illness rather than just the far end of the GERD spectrum. Conversely, our subgroup analysis showing that "true" outpatients with LA-D esophagitis resemble LA-A patients more than hospitalized LA-D patients suggests that GERD might be the primary factor contributing to the pathogenesis of outpatient LA-D esophagitis. Thus, the popular notion that LA-D esophagitis merely represents the severe end of the GERD spectrum might be correct only in the small minority of cases found in outpatients.
We found that cardiopulmonary disorders including coronary artery disease, congestive heart failure, and COPD were risk factors for LA-D esophagitis. In contrast, other studies that involved outpatients primarily and that included relatively few patients with LA-D esophagitis found no significant association of erosive esophagitis with coronary artery disease or congestive heart failure, although 1 study did identify COPD as a risk factor for LA-D esophagitis. 13, 14 As discussed above, it is likely that differences in study design and patient population underlie the disparities between these reports and ours. COPD exacerbations are often treated with theophylline and beta-2 receptor agonists that might promote gastroesophageal reflux. COPD exacerbations also might cause pressure changes in the chest and abdomen that promote reflux. However, the association between cardiopulmonary disorders and LA-D esophagitis also raises the possibility that alterations in esophageal mucosal blood flow contribute to the pathogenesis of LA-D esophagitis. It is conceivable that this altered blood supply might render the esophagus especially susceptible to injury by refluxed gastric contents.
LA-D esophagitis in hospitalized patients seems to have more in common with a rare condition called acute esophageal necrosis (also known as "black esophagus" or necrotizing esophagitis) than with typical GERD. In acute esophageal necrosis, the distal esophagus seems diffusely blackened, and the black appearance terminates abruptly at the esophagogastric junction. 15 Similar to our patients with LA-D esophagitis, those with acute esophageal necrosis typically have severe comorbid conditions, and the large majority of cases are identified during endoscopies performed for upper gastrointestinal bleeding. 15 The pathogenesis of acute esophageal necrosis has been attributed to a combination of factors including tissue hypoperfusion, gastroesophageal reflux, and diminished esophageal mucosal defenses. 15, 16 It may be that the black esophagus is just the most severe form of LA-D esophagitis. Rather than thinking of LA-D esophagitis in hospitalized patients as the far end of the GERD spectrum, it might be more appropriate to consider it the beginning of acute esophageal necrosis.
Our study has a number of limitations. It is a retrospective study, limiting our ability to control for confounding factors that might have contributed to differences between the patient groups. Study subjects were identified by review of our endoscopy database and, as LA-D is far less common than LA-A esophagitis, a longer timeframe was needed to identify the 100 LA-D patients. This temporal discrepancy between the groups might have resulted in bias. The endoscopies were performed by a number of different endoscopists whose interpretation of the LA grading system might have differed. To minimize this problem, we reviewed available endoscopic photographs and included only patients for whom we could confirm the diagnoses of LA-D and LA-A esophagitis. Nevertheless, we may well have excluded a number of appropriate patients whose diagnosis could not be confirmed. Data on GERD symptoms were obtained by review of the medical record, not through direct patient interview.
In addition, our veteran patient population is predominantly male, and our findings might not be applicable to female patients with LA-D esophagitis.
In summary, our study shows that the clinical features of LA-D esophagitis differ significantly from those of LA-A esophagitis. LA-D esophagitis seems to be a disorder primarily of older, nonobese, hospitalized or recently hospitalized patients who often have serious cardiopulmonary comorbidities and gastrointestinal bleeding, and who usually have no prior history of GERD or of hiatal hernia. In contrast, patients with LA-A esophagitis are generally younger, overweight outpatients, who often have a history of GERD and hiatal hernia but without comorbid conditions. These findings suggest that LA-D esophagitis in hospitalized patients is not merely the far end of the GERD spectrum, and that factors other than typical gastroesophageal reflux contribute to its pathogenesis. Further, prospective studies are needed to clarify the mechanisms underlying our findings.
